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• complex, interrelated, and based on diverse conditions
• closely linked with cultural views of the world (p. 13) CBPR mirrors the values and strengths of many AI/AN nations, including respect for community processes and consensus, sincere equal partnership, and the ecological view of the individual as intricately linked with family and tribe. In CBPR, equal weight is given to both scientific and Indigenous expressions of knowledge (Cochran et al., 2008; Forster et al., 2007) , employing both Western and cultural lenses in the interpretation of data (Warner & Grint, 2006) . CBPR acknowledges that "research is not culturally neutral" (p. 12), and that Indigenous knowledge is a necessary component of the research process (National Congress of American Indians, 2009).
Consequently, CBPR has become an informal code of conduct for most research and surveillance now done in Indian Country.
background on Technology-based interventions
Media technologies, including the Internet, cell phones, and video games, are increasingly being used to disseminate health information and teach users new skills. To support healthy behavior change, research in the field suggests that technology-based interventions incorporate several important components, including: (a) messages that are tailored to the needs of the user; (b) features that enhance social support and communication; (c) content that is interactive and multimedia; (d) features that promote repeated use of the intervention; and, like other behavioral interventions, (e) content that addresses the core risk and protective factors associated with health outcomes (Craig Rushing, 2010; Noar, Black, & Pierce, 2009 ).
Health messages can be tailored to an individual by eliciting information from the user, and then using that information to selectively display content in a manner that is relevant or engaging (Baylari & Montazer, 2009) . Technology-based interventions have tailored their content using a variety of criteria, including users' age, gender, race/ethnicity, sexual orientation, stage of change, perceived needs, and reported risk factors (Lustria et al., 2009) . Tailored content can be used to bypass material that does not reflect the user's individual needs, and can thus reduce intervention time requirements and enhance user retention (Kiene & Barta, 2006) . Software and information technologies now make it possible to provide tailored interventions to an entire population, producing "mass customization" (Cobb, Graham, Bock, Papandonatos, & Abrams, 2005) . Gaming research similarly suggests that integrated assessment tools and responsive adaptation can improve learning and cognition . Assessment tools that provide immediate feedback give learners a clear understanding about how they are doing on the task, help students identify errors, and improve understanding and motivation to stay on task .
Tailoring is theoretically supported by the Transtheoretical Model (Prochaska, DiClemente, & Norcross, 1992) . According to the model, behavior change involves progression through a series of predictable, though not necessarily sequential, stages. By understanding what processes are present at each stage, interventions can be aligned to the needs of individuals at any point along the continuum. Stage-based interventions have been shown to dramatically increase successful recruitment, retention, and completion, and promote movement through successive stages (Di Noia, Contento, & Prochaska, 2008) . Tailoring is also supported by research in the communication and learning fields. Skinner and colleagues found that tailored information is more likely to be read, understood, perceived as personally relevant, and remembered (Skinner, Campbell, Rimer, Curry, & Prochaska, 1999) . The literature suggests that learners experience greater success in learning environments that adapt to and support their individual learning orientations, and that patient satisfaction and care can be optimized by integrating the patient's interests, strengths, and ideas into the treatment process (Baylari & Montazer, 2009; Coyle et al., 2007) . As a result, computer tailoring has the potential to enhance both the reach and effectiveness of behavioral interventions (Lustria et al., 2009 ).
Media technologies offer a variety of tools to instill social support and communication between users, including e-mail, instant messaging, text messaging, discussion boards, blogs, chat rooms, and social networking. The literature suggests that virtual peer-to-peer interaction can support healthy behavior change by creating and reinforcing positive social norms (Cobb et al., 2005; Gerber, Solomon, Shaffer, Quinn, & Lipton, 2007; Rhodes, 2004) . Technology-based interventions are now being designed to facilitate sensitive conversations between adolescents and their parents, between adolescents and their health care providers, between peers, and between sexual partners. Virtual "discussions" between experts and peers can make learning a dynamic, two-way experience (Barak & Fisher, 2001; Baylari & Montazer, 2009) . Providing expert feedback within tailored interventions has been shown to be more effective for helping smokers quit than providing tailored messages alone (Dijkstra, 2005) .
Media technologies can also incorporate a wide variety of interactive design elements, including graphics, animation, photos, videos, sounds, click-through modules, games, quizzes, surveys, polls, and links. Hypertext learning environments allow users to access multiple sources of information, enriching the informational experience (Bull et al., 2007) . The selection, pace, and depth of information is controlled by the learner, meeting his or her unique educational needs (Coyle et al., 2007) . These technologies accommodate diverse preferences and learning styles by presenting information in multiple ways--via text, audio, and visual elements (Ito, Kalyanaraman, 80 voluMe 19, nuMber 1 Ford, Brown, & Miller, 2008) . Several studies support the use of multimedia platforms to enhance learning, user satisfaction, and behavior change (Daft & Lengel, 1986; Liu, Liao, & Pratt, 2009; Mayer & Moreno, 1998) .
Just as seen in face-to-face treatment, the intensity and duration of technology-based interventions appears to be closely associated with subsequent health outcomes (Cobb et al., 2005) .
In follow-up studies of smoking-cessation Web sites, those who successfully quit smoking logged in more frequently, spent more time online, and viewed more pages than those who continued to smoke (Cobb et al., 2005 giving positive feedback, and incentives for returning--raffles, point systems, or giveaways) and compelling design features (like content that is new and salient, user-generated, and/or entertaining and interactive) have been reported by several investigators (Bull, Lloyd, Rietmeijer, & McFarlane, 2004; Bull, Vallejos, Levine, & Ortiz, 2008) . Other studies have incorporated booster sessions to reinforce information and maintain program effects (Bull, Pratte, Whitesell, Rietmeijer, & McFarlane, 2009; Card & Kuhn, 2006; Metcalf et al., 2005; Pedlow & Carey, 2004) . Media interactivity has been found to increase user retention (Hurling, Fairley, & Dias, 2006) , and gaming researchers have found that learner control (the ability to dictate the pace and sequence of activities), mystery (gaps in knowledge), and challenge can improve learning attitudes, motivation, and cognition . To inform the selection and development of culturally appropriate technology-based health sexual health interventions for youth, coalition members felt they needed to know more about youths' current use of media technologies (types of technologies used, frequency and duration of use, preferred media features and activities) and to what extent they search online for health information (Craig Rushing & Stephens, 2011) . Members were also interested in learning about the types of technology-based health interventions that were currently available in the published literature, their effectiveness, and organizational resources that would be needed to implement them.
Members agreed that a Native Youth Media Survey and literature review would be useful activities to generate this information.
To ensure human protections throughout the research process, the protocol was submitted to Community-based participatory research (CBPR) activities took place throughout the yearlong project (see Table 1 ). Because the study was conducted regionally, rather than with a single Northwest tribe, Project Red Talon staff sought input from project stakeholders multiple times in multiple settings. tribal coalition members, Native youth, and topical experts were all involved in shaping the study's scope and design, contributed to data collection efforts, reviewed qualitative and quantitative data, offered recommendations for selecting and adapting technology-based interventions, reviewed draft reports and manuscripts, and helped disseminate study findings. This iterative process helped ensure resultant recommendations were relevant to the diverse needs and capacities of our Northwest tribes, while maintaining adherence to CBPR principles. 
cbpr with Tribal coalitions
In the Pacific Northwest, tribal coalitions serve the dual purpose of engaging tribes in planning and outreach, while providing direction to NPAIHB staff on desired goals and activities for the region as a whole. These coalitions meet at rotating locations throughout the Northwest, to support group discussion. Detailed meeting minutes were taken by Project Red Talon staff to capture participants' input, and an automated response system was used at the final meeting to poll attendees on possible intervention designs.
cbpr with native youth
Project Red Talon staff also sought input from Native teens and young adults at several points throughout the study to inform the selection of technology-based interventions. Project staff piloted the survey tool with 10 teens and parents from a Northwest tribe, and integrated their suggestions before administering it regionally. Teens and young adults at all surveying sites were invited to participate in the distribution and collection of surveys, pens, and raffle tickets, and seemed to take interest in both the survey process and the findings that would emerge.
Informal formative research was carried out with 25 high school students attending the 2009 Native STAND Youth Summit, with 60 students attending Chemawa Indian School, a Bureau of Indian Education residential school, and with over 600 AI/AN junior and senior high school students attending the 35th annual Northwest Indian Youth Conference. At each of these gatherings, a variety of existing media interventions were shown or described to attendees, and interactive discussions and activities were used to gauge student interest.
cbpr with community partners and Topical experts
Additionally, Project Red Talon staff consulted with community partners and topical experts to ensure resultant data would be useful and relevant to their work, including staff from the Indian Health Service's National STD Program, Native Wellness Institute, and State Health Departments in Oregon and Washington. Several regional meetings were also used to inform community stakeholders about the project's progress, and to seek participants' input and ideas. Feedback was gathered from 65 teachers, parents, and health educators who attended a three-day training on Working with Native Youth (August 11-13, 2009 Twenty-nine interventions were selected for systematic review based on their delivery method (computer, Internet, cell phone, video game, interactive video/DVD), health focus (STD, HIV, or pregnancy prevention; abstinence, condom or contraception use; STD/HIV testing), and intended outcome (changes in behavior, knowledge, attitudes, perceptions, or skills). Both researchers coded the interventions independently on variables of interest to the study in a Microsoft Excel spreadsheet (see Table 2 and Craig Rushing [2010] for intervention matrices and operational definitions).
Variables included:
• Study Methods: aims, study design, participant recruitment.
• Intervention Design: description, theoretical framework, purpose/health focus, implementation setting, duration, message content, message tailoring criteria, features and modalities, user control, privacy.
• Target Population: age, gender, ethnicity, socioeconomic status.
• Outcomes: changes in behavior, knowledge, attitudes, perceptions, skills.
• Results: process or utilization data, retention, user satisfaction.
• Organizational Requirements for Implementation: funding, space, incentives.
• Technical Requirements for Implementation: software, equipment.
• Personnel Requirements for Implementation: number, skills/training, gender.
Operational definitions for each variable were summarized to ensure they were consistently applied throughout the process. On those occasions when the published literature was not sufficient to complete the matrix for a particular intervention, the Principal Investigator contacted the intervention's corresponding author with follow-up questions via e-mail or phone. Rushing [2010] for intervention abstracts and additional matrices).
Reviewed articles included preliminary feasibility and usability studies, randomized controlled trials, quasi-experimental studies, and non-experimental utilization reports. Study participants varied in age, gender, ethnicity, and sexual orientation. Twenty-one interventions targeted young adults, seven targeted men who have sex with men, and four targeted people who were HIV-positive. Most of the interventions included in the review specifically addressed sexual risk factors, but two addressed a wide range of health topics pertinent to youth (like sexual activity, alcohol use, marijuana use, substance abuse, sexual abuse, contraception, and suicide attempts). None of the interventions were designed for AI/AN populations, and none of the evaluation studies included a significant number of AI/AN participants.
Altogether, 22 of the interventions were delivered using a computer or CD-ROM, 12 required Internet access, four were delivered via a cell phone using text messages, two were primarily videobased, and three solely involved a computer-based video game. The interventions were implemented in a variety of settings (e.g., clinics, schools, community centers, at home), and were administered by a range of trained and untrained personnel (e.g., clinicians, health educators, teachers, or selfadministered). Many included messages or visual content that was aligned to the users' age (n = 29), gender (n = 13), race/ethnicity (n = 5), sexual orientation (n = 7), stage-of-change (n = 4), selfidentified informational needs (n = 9), or reported risk factors (n = 14). To create tailored content, 18 imbedded risk, needs, or readiness assessments directly into the program. Slightly fewer (n = 13) incorporated "virtual" interactions with a health care provider or user-generated goal-setting activities or self-monitoring tools. Twenty-two included skill-building exercises or personal development tools, like goal-setting activities, boundary-setting activities, condom demonstrations, or activities that helped users practice healthy communication skills. Fourteen required users to participate in multiple sessions, 15 involved interactions with peers or peer role models, and 15 involved virtual or in-person communication with health experts. Most of the interventions (n = 21) were interactive, requiring active participation by the user (i.e., as opposed to passively reading text or watching a video). Fewer (n = 12) were intensely multimedia, integrating text, audio, video, games, quizzes, and links to other sources within the intervention.
The interventions reported varying levels of effectiveness, and tracked a variety of cognitive and behavioral outcomes. Only one (3%) reported changes in perceived sexual risk or consequences, three (10%) reported changes in intention or motivation, and three (10%) reported changes in voluMe 19, nuMber 1 perceived peer norms or behaviors. Ten (34%) interventions reported changes in participant knowledge about STDs, HIV, or condoms, seven (24%) reported changes in sexual values or attitudes, and nine (31%) reported changes in participant skill or self-efficacy. Altogether, 12 (41%) reported changes in condom or contraception use, STD/HIV screening rates, or sexual activity (11 of which were statistically significant at the p<.05 level).
Despite this seemingly low level of effectiveness, fewer than half of the interventions were truly designed to assess behavioral outcomes. Instead, many were intended to evaluate the intervention's acceptability and feasibility, and thus involved small sample sizes, did not track behavioral outcomes, or did not assess changes in behavior over time. Thirteen (45%) were evaluated using a cohort or non-experimental design to test preliminary effectiveness, acceptability, or utilization rates. Thirteen (45%) were evaluated using randomized controlled trials, and three (10%) were evaluated using non-randomized controlled trials. Studies that did include follow-up with a sufficient number of participants showed promising changes in knowledge, attitude, and behavior.
cbpr recommendations for intervention selection and adaptation
After reviewing data from the Native Youth Media Survey, abstracts describing available technology-based sexual interventions, charts comparing their features and effectiveness, and photos or demonstrations of available programs, tribal coalition members discussed the merits and drawbacks of available strategies, prioritized options in light of resultant data and community experience, and proposed recommendations for designing culturally appropriate interventions.
During these meetings, participants identified several traits that they felt ought to be considered when designing or adapting interventions. Specifically, interventions should:
• contain accurate age-and gender-appropriate content. Interventions should contain gender-specific information and age-appropriate content for younger and older youth, using the tailoring capabilities of computer-based technologies. Health information should be monitored and "medically accurate."
• start early and encourage abstinence. Prevention messages should target pre-and young teens. We need to start "when children are younger," before they are sexually active, and be sure to include "a bigger focus on abstinence."
• be holistic and real. Participants noted that many existing technology-based interventions did not address other important adolescent health issues. Interventions targeting Northwest AI/AN youth should be more holistic. Early sexual debut, substance abuse, violence, and suicide are symptoms of deeper social and emotional challenges, including poverty, discrimination, and sexual abuse. Interventions targeting AI/AN youth must be real, reflect the unique life experiences of Native youth, and address the root social determinants of their health.
• be based in culture. Interventions targeting Northwest AI/AN youth should incorporate cultural materials, "like tribal stories or history to teach important concepts." None of the interventions reviewed by participants contained text, photos, or design elements specific to AI/ANs.
• focus on assets and skills. Instead of stigmatizing sexuality, interventions should focus on "positive messages and protective factors," including both the physical and "emotional aspects of relationships." It is important for interventions to demonstrate and allow youth to practice important skills (like refusal skills, condom negotiation skills, and how to use a condom), "get them involved in their own health and well-being," and permit users to navigate through the content that most interests them.
• encourage dialogue while maintaining privacy. Interventions should include content that supports dialogue with trusted adults ("not necessarily parents"), and "ways for local adults to provide follow-up if a teen needs additional resources." Participants also felt that youth should be able to access private, "confidential" information and services.
• be interactive. Interventions should incorporate a wide range of interactive features, like quizzes and games, as well as the ability to contact or converse with experts. Participants particularly liked the interventions that had a human voice guiding teens, "making the social interactions more realistic."
• incorporate evaluation plans. New programs should also incorporate evaluation strategies to continuously monitor their use and "measure their effectiveness."
Participants also identified several potential barriers that they felt ought to be considered when designing or adapting technology-based interventions for AI/AN youth. These included:
• Staffing and Intervention Setting. Participants expressed concern about interventions that were labor intensive, and interventions that required technical expertise or multiple people to implement. To be most widely implemented, interventions should be flexibly designed for use in home, community, or clinic settings. If interventions are designed to be implemented by local health educators, they must be easy to pick up and ready to use. • shorter length/duration. Participants noted that some technology-based interventions took an hour or more to complete or required youth to return to the clinic multiple times, and were concerned about student retention. On the whole, intervention activities should not require multiple clinic visits, and should be conscientious of possible "attention span issues."
• cost. The only cost concerns voiced by participants were in relation to text messaging interventions, which they thought might be problematic for some youth (depending on individual calling plans).
• maintaining youths' interest and attention. Participants also noted that "there are a lot of interesting sites on the Internet that teens frequent already." Online interventions will have to be "as good as the technologies that teens are already using, or teens may not use them." (It should be noted that a mix of teachers, parents, and health educators participated in these meetings; their comments were not collected in such a way that they could be stratified by informant type.)
When asked about the potential utility of various intervention strategies, particularly in relation to their own communities' programs, resources, and needs, tribal partners used an anonymous automated response system to indicate that computer-or Internet-based skill-building tools would be most useful (91%) for their community, followed by informational Web sites or social networking sites (82%), electronic assessment or diagnostic tools (81%), services that would allow teens and young adults to order STD test kits or condoms online (81%), and programs that offered youth live instant message or text counseling with an expert (74%). Participants indicated that they would prefer interventions that could be administered by someone at the regional level, by a local health educator, or, if appropriate, by the youth themselves. Few felt that it would be highly problematic for them or their tribe to deliver a computer-based intervention (13%), an Internet-based intervention (17%), or an intervention requiring a TV/DVD (13%). More people expressed concern, however, about delivering interventions via cell phone (36%).
discussion
While data from the Native Youth Media Survey offered insight into which technologies were most often used by AI/AN youth, the literature review and additional CBPR activities provided critical information needed to select strategies that aligned to the priorities and organizational capacities of the Northwest tribes (Craig Rushing, 2010) . The literature review provided partners with a better understanding of the types of technology-based interventions that were possible, and the skills and resources that would be needed to implement them. Partners discussed the effectiveness of various approaches, and design features that have been shown to maximize behavioral impacts.
CBPR processes also took into consideration other factors that have been shown to affect intervention effectiveness and sustainability, including the availability of staff with appropriate skills and training, the availability of requisite space and equipment, the perceived merits and drawbacks of available intervention modalities and settings, and the availability of current and recurring funds to implement selected interventions, as well as more nuanced Indigenous knowledge about Northwest AI/AN communities (Center for Substance Abuse Prevention, 2009). CBPR activities substantially improved the intervention alignment process by giving insight to tribal values and priorities, and potential capacities and constraints affecting participating tribes.
CBPR activities also enhanced the interpretation of qualitative and quantitative data collected by the project, employing both Western and cultural lenses. For example, while cell phones were the media technology most frequently used by Northwest Native youth (according to survey results), youth, parents, and health educators expressed much less interest in phone-based interventions than they did in Internet-or video-based approaches. This apparent divide between youths' current technology use and reported intervention priorities may stem from the strong preference (expressed by both survey respondents and CBPR partners), that youth receive sexual health information from a trusted adult. Role modeling, experiential learning, and storytelling are teaching tools traditionally valued by AI/AN communities, and are highly dependent upon human interaction (Cajete, 2008; Goodluck, 2002) . Compared to the other strategies offered and discussed, rote text messaging services (that often lack modeling, interaction, and visual cues) may have felt less congruent with traditional teaching modalities.
CBPR participants were particularly concerned that some technology-based interventions might unintentionally reduce communication or fail to support needed follow-up with youth. This concern highlights the importance of using technology-based interventions to enhance, rather than replace, traditional sources of health information, including health professionals and family members (Fox & Jones, 2009 ). Other critical insights gained through CBPR included the importance of empowering Native youth to get involved in their own health and well-being, while also addressing the deeper social and emotional conditions that contribute to their disproportionate risk-taking. voluMe 19, nuMber 1 CBPR strategies increased our understanding of the ethnographic culture of AI/AN youth, and the social and environmental contexts in which they live. Participants pointed out that Native youth "culture" is not solely defined by race/ethnicity. Like other teens and young adults, Native youth identify with and reflect multiple identities (e.g., athletes, skaters, nerds, gangsters, straight/ two-spirit/lesbian/gay/bisexual/transgender/questioning, etc.). Northwest Native youth did express a greater preference for accessing sexual health information on Web sites containing Native-specific content than on sites targeting all U.S. youth, but to reflect their full lived experience, interventions targeting AI/AN youth should portray a range of adolescent and cultural identities.
Like all research, this study had several strengths and limitations worth noting. These findings represent data from the Pacific Northwest and cannot be generalized to other regions or individual tribes. Many of the youth who participated in CBPR feedback sessions were involved in tribe-or school-sponsored health and wellness activities, and may have reported higher levels of interest than typical youth. The continuity of our coalition membership was hampered by our inclusion of participants from a geographically disbursed three-state region. This challenge was met by rotating meetings throughout the Northwest, covering travel expenses for tribal participants, and by iteratively reviewing project data and refining recommendations at each subsequent meeting. Fortunately, the project was strengthened by the support of the Northwest tribes, who repeatedly expressed interest in the research subject and its findings. Collecting data and feedback from multiple tribes helped ensure that resulting recommendations and priorities reflected a wide spectrum of perspectives and experiential realities. Guided by CBPR values, this process took active steps to address potential validity threats associated with analyzing data using only a Western interpretive lens.
conclusion
Like all behavioral interventions, to be truly effective, technology-based sexual health interventions must address the core risk and protective factors associated with teen pregnancy and STDs, cultivate individual skills, and foster frequent and repeated use. If designed properly, youth-driven multimedia technologies could achieve these goals, while reflecting traditional and contemporary AI/AN culture, values, teachings, and experiences. To meet everyone's needs, ageand gender-appropriate sexual health information should be made available in a variety of formats, through a variety of channels. This CBPR study suggests that integrated, multimedia approaches offer the best opportunity to reach the greatest number of Native youth in the Pacific Northwest.
The NPAIHB and Northwest tribes are now using this data to inform the development of several technology-based interventions targeting AI/AN teens and young adults. 
